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Part   1. 
lutrc ductiOB . 


There  was  formerly  ir  the  "Industrial 
Chemistry"  laboratory  a  rectangular,  horizontal 
tube  evaporator,  installed  b;7  the  Swensoc  Evap- 
orator Company  for  experimental  purposes.  Its 
Efficiency  had  beer  tested  i'roa  time  to  time  b/ 
different  students  ir  the  ohemical  engineering 
department,  and  It  hai  prove!  to  be  a  ver 
satisfactory  machine. A  new  type  of  evaporator, 
called  the  "Swenson-Rermer"  evaporator,  vas  in- 
stalled  this  year  by  tl  :  same  company  ir  place 
of  the  old  one,  but  ir  stead  of  the  single  tube 
Ln  theold  type,  it  has  a  series  of  double  tubes, 
one  inside  the  other.  The  steam  passing  through 
betweer  the  tabes,  tea's  the  liquid  about  the 
outer  tube  and  that  in  the  inner  tube. 

We  madj  a  series  of  tests  or  the  new  type 
and  our  results  show  that  it  is  a  very  efficient 
evaporator-:  indeed,  its  efficiency,  according 
to  our  tests,  was,  ot  the  average,  six  per  oent 
higher  than  that  of  the  oiler  type,  as  deter- 
mined by  other  workers. 


Part  2. 
Description  of  Apparatus  and  Tests. 


The  Evaporator. 


The  general  outline  arc  dimensions  of  the 
evaporator  are  shows  in  detail  ir  the  accompa- 
nying drawing,  and  a  sectional  view  is  shown  ir 
the  other  drawing  furnished  by  the  S--rsor 
Evaporator  Company. 

The  walls  of  the  evaporator  arc  half-inch 
oast  iror  plates,  bolted  with  three-eighl  8 
inch  bolts.  The  inner  and  outer  tubes  arc,  re- 
spectively,  standard  three  quarters  inch  and  one 
and  one  quarter  inch  copper  tubes.  The  inner 
tubes  arc  t".ro  and  seven-tenths  feet  long,  and 
the  outer  tubes  ore  and  nicety  six  hundredths 
feet.  There  are  forty  eight  se+s  of  inner  ar - 
outer  tubes,  arranged  six  ir  a  horizontal  lire 
and  eight  in  a  perpendicular  line,  the  distance 
between  the  pipes  being  two  inches  fron  center 
to  center.  The  inner  tubes  are  arranged  Lc 
groups  of  four  each,  the  two  lower  ores  being 
connected  to  the  two  upper  tubes  of  the  group 
immediately  below  through  a  socket  attached  to 
the  outside  rails  of  the  steam  chambers.  The 
outer  tul  33  are  Pitted  Lnto  holes  ir  the  oi  tside 


-■/alls  of  the  steam  chambers,  are  open  at  each 
end,  and  have  ro  group  arrangements. 

Irs  the  re  a.^   of  the  evaporator  is  a  liquid 
it:ie+  chamber,  from  which  the  liquid  passes 
through  the  inner  tubes  and  through  one  of  the 
inter-connecting  pipes  projecting  outside  of 
the  evaporator.  Valve  connections  are  so  made 
that  the  liquid  may  be  made  to  circulate  through 
the  inner  tubes  from  the  bottom  of  the  evapora- 
tor to  the  to;.,  or  vice  versa;  or,  if  necessary, 
the  liquid  may  be  male  to  pass  directly  into  the 
evaporator  without  passing  through  the  inner 
tubes  at  all.  1c  the  latter  case,  the  evaporator 
acts  as  the  ordir?ary  sirgle  tube  evaporator. 

A  baffle  plate  is  bolted  ic  proper  position 
ir  the  dome  of  the  evaporator  in  order  to  prevent 
ertraiivjit it  of  liquid  going  with  the  vapors. 
Another  perforated  baffle  plate  is  placed  it 
t  ■:■   r:;id-portion  of  the  evaporator  in  orie^  to 
hirier  a  sullen  r'ush  of  foaming  liquids. 

The  vapors  are  taker  fro.-  the  evaporate? 

through  a  four  inch  east  iron  pipe  which  leads 


them  to  a  jot  condenser  of  the  parallel  current, 
standard  low  vacuum  type. 

The  water  from  the  conier-ser  is  exhausted 
by  a  direct  acting  steam  pump.  The  steam  is 
exhausted  into  a  trap,  (Crane  Company's  No.  I), 
in  which  a  complete  condensation  takes  place. 


The  Auxiliaries. 


Fhe  Auxiliaries. 

The  Pump: 

i!;  s  pump  was  manufactured,  by  the 
American  Pump  Comj:      ier  the  following 
epccif icat iocs : 

Diameter  of  steam  cylinder,  4  inches. 
Diameter  of  water  cylinder,  _;•  inehee. 
Diameter  of  piston  rod,  7/-'  inch. 

Length  oi*  stroke,  6  inches, 

The  Gauges: 

The  steam  pressure  gauge  was 
made  by  the  Ashcroft  Manufacturing  Company.  It 
wae  calibrated  with  ac  oil  tester,  ari  from  the 
lata  obtaired,  a  calibration  curve  vas  plotted. 
From  this  curve,  the  correct  readings  were  read 
off.  The  vacuum  gauge  was  made  bv  the  Felfield 
Company.lt  was  calibrated  against  a  mercury 
columD,  ari  the  needle  "vas  adjusted  to  give  cor- 
rect readings. 

The  Seal-: 

A  platform  scale  made  by  the  Howe 
Compar-  was  used  to  veigh  the  condensed  steam 


and  the  water  to  be  evaporated. 

The  Calorimeter: 

Carpenter  separating 
calorimeter  "as  vised.  T:  e  entrained  water  -as 
real  directly  from  the  glass  tube  gauge,  r~vi 
the  condersei  steam  "ras  weighed. 

The  Fhermometers: 

rhe  thermometers  were  of 
"he  Fahrenheit  sea.!:,  ai  i  bad  all  been  pre- 
v L ou  s 1 7  calibrated. 


Iv'ethois   Employed    in   this   Test, 


Methods  Employed  in  this  Test. 

Fhe  iuratiot  of  the  runs  was  an  hour,  ex- 
cept for  Runs  4,  5,  and  ',    each  ol  which  was 
only  one-half  hour.  The  liquid  evaporated  luring 
all  L.he  runs  was  tap  water. 

i-', or  exanicir"  the  jvaporator  for  any  leaks 
or  imperfections,  and  when  everything  wart  in 
order,  the  vacuum  pump  nras  started  and  the 
condensing  water  turned  on.  The  water,  whose 
weight  and  temperature  was  known,  was  intro- 
duced into  the  evaporator  up  to  a  certain  point 
slightly  above  the  upper  level  of  the  top  tubes. 
The  run  was  male  under  as  nearly  constant  con- 
ditions as  possible,  and  ail  readings  were 
taker  it  five  minute  intervals.  Throughout  +T"? 
whole  experiment,  the  pressure  was  regulated  to 

Ln  five  pounds  gauge  pressure,  but  the 
vacuum  -.ras  varied  from  sixteen  to  twenl  '  irches 
of  mercury.  Except  in  Runs  5  and  6,  water  va - 
ad^ed  at  frequent  intervals,  so  as  to  keep  the 


water  level  as  nearly  constant  as  consistently 
possible.  In  Runs  3  and  6,  a  known  quantity  of 
water  was  Introduced  Into  the  e"i:pora+o"  and 
-as  boiled  lo~r  to  see  if  it  would  affect  the 
efficiency  of  the  evaporator.  The  exhaust  stes 
was  collected  and  weighed  at  convenient  inter- 
vals. At  the  eri  of  the  run,  the  steam  was  sh 
off  simultaneously  .-it."  the  breaking  of  the 
vacuum'.  The  liquid  was  thee  withdrawn  and 
weighed. 

The  temperature  of  the  steam  -as  taken  at 
entrance  to  the  steam  chamber  rather  that  ii  the 

am  chamber  itself,  because  the  primary  ob- 
ject of  the  experiment  was  to  determine  the 
efficiency  of  the  evaporator  as  a  -.'hole  rather 

r  the  heat  transmission  of  the  tubes,  al- 
thoi    the  difference  arising  from  this  source 
was  so  small  as  to  be  practically  rejiic.ible. 
The  pressure  gauge  was  connected  to  the  steam 
chamber,  at  i  the  latent  boat  of  vaporization  of 
the  steam  ;t  the  corresponding  pressure  was 
found  ir  the  s+ earn  tables  In  Kent's  "Pocket 
Book  for  Mechanical  Engineers".  The  exhaust 


steam  te  perat1  re  was  read  or  a  thermometer 
placed  in  the  exhaust  lino.  The-  juality  or  the 
entering  steam  '"as  determined  by   ^-jacs  of  a  3ar- 
perren  sopa"axir;-  calorimeter,  correctol  Lnto 
the  steam  lioe  Dear  tie    entrance  irto  the 
steam  chamber.    number  c:  t^s's  showed  that  the 
quality  of  the  atean;  was  fairly  constant  at 
about  9r:   per  cent.  7/e  therefore  took  this  value 
for  the  whole  experiment. 


Data   oc   Tubes. 


Tubes. 

Material,  Copper. 

Diameter  of  inner  +vbes,  ^.75  inch, 

Length  of  inner  tut  -,  2.7  feet. 

Number  of  inner  tubes,  48 

Heating  surface  of  inner  tubes,    20  sq.  ft. 

Diameter  of  outer  tubes,  1.25  inch. 

Length  of  outer  tubes,  1.96  feet, 

Heating  surface  of  outer  tubes,    32  sq.  ft. 

Number  of  outer  tubes,  48 

Total  heating  surface,  52  sq.  ft. 


Part   3. 
Results   of   Tests. 


Gauge  Calibration  acd  Correction, 


Mechanical  Engineering  Laboratory 

ARMOUR   INSTITUTE  OF  TECHNOLOGY 

Date..1h...VQ.  r. App., g., 1-91^ 

CALIBRATION    OF   VACUUM    GAUGE. 
By  comparison  with  mercury  column. 

Belfield  Compaoy,  Philielphia,  Veun. 

I.  Yamamoto,  C.  Diemecke. 


Maker  and  number  of  gauge 


Observer 


MERCURY  COLUMN 


GAUGE  READING 


INCHES 


Up 


Down 


Pounds  Inches  Mercury 


Before  adjustmept. 

IS. 5  17.4 

17.0  I5.6 

15. 1  13.9 

13.0  11.6 

II. 0  9.6 

9.1  7.8 

6.9  5.2 

2.8  1.4 


Mechanical  Engineering  Laboratory 

ARMOUR  INSTITUTE  OF  TECHNOLOGY 

Thurs. ,    Aur.    8,    I9I5. 
Date 

CALIBRATION    OF   VACUUM    GAUGE. 
By  comparison  with  mercury  column. 

Maker  and  number  of  gauge  3®l?lel*i99m?^ll.    PhiladelJlrl  ia.2..  PeEC° 

,_.             I.    Yamamoto,    C.    Dieinecke. 
Observer '. 


Number 


MERCURY  COLUMN 


GAUGE  READING 


Up  Down  Mean 

After  adjustment. 


Pounds  Inches  Mercury 


19.5 

19.4 

17.4 

17.4 

14.8 

14 . 6 

12.8 

12.8 

11.0 

10.8 

9.3 

9.2 

7.2 

? 

7.2 

4.0 

4.0 

2.0 

2.0 

/O         '<£        '*■         '&         /&         zo 


Mechanical  Engineering  Laboratory 

ARMOUR    INSTITUTE    OF    TECHNOLOGY 

Phurs. ,    Apr.    S,    191?. 


Date_ 


CALIBRATION    OF    PRESSURE    GAUGE. 
By  comparison  with  Square  Inch  Gauge  Tester. 

Ashcroft   bifg.    Co. 

Maker  and   number  of  gauge 


Observer ^L^  Yamamoto,    C.    Diemecke. 


Reading 

.,.,,, r)Trrl        Gauge 
NUMBER        TESTER 

Pounds 


GAUGE  READING  IN  POUNDS 


ERROR  fc 


Before  Adjustment 


After  Adjustment 


Up 


Down         Mean 


Up 


Down 


Mean- 


Before 

Adjustment 


After 
Adjustment 


5 

10 

15 

20 

25 

50 


5*2  5.?  5-25 

10.2  10.3  10.25 

15.3  15.4  15.35 

20 .  0  20 .  2  20 . 1 

24.  S  24.9  24.1; 


w.  ; 


2.9.1    29, 


A   curve  was   plotted  acd  the   correct   readings 
were    fairer,   from  this. 


0' 


rsrw 


2*o 


Formulae, 


Heat   lost    by    steam, 

(1)  Hj   =   W(xrx   1    tj   -    t2). 

Hj  -  heat  lest  by  steam. 

W  =  weight  of  condensed  steam. 

x  -  quality  of  steam. 

r-»  =   latent  heat  of  at  earn. 

tj   =   temperature  of  steam  at  inlet. 

tp  &    tesperat-  re  of  steam  at  exhaust. 

Tea+  transferred  to  pater. 

(2)  J-l2  =   Wltj  -  t4)  i  wr2. 

Hp  =  heal  transferred  to  water, 

W  =  total  w^tvr   added. 

w  -   total  water  vaporized, 

^p  ~  latent  heat  of  vapoTizatior  of  «rater. 

t-z   -  boiling  point  of  rater  at  that  vacuum. 

t-i  -   temperature  of  water  at  inlet. 


Rate  of  Evaporation. 
(3)  R  = 


R  =   rate  of  evaporation  in  lbs.  per  sq, 
ft.  per  B.  T.  0. 


(5) 

S     =   to+al   heating   surface,    eq.    ft. 

H^   =  heat    used    to   raise   water   to    boiling 

po  ir  t . 

Capacity  of  evaporator. 

(4)   C  =  7.48  j_£_±  F?_). 

SIT 

C  =  capacity  of  evaporation  ir  gallons  per 

sq.  ft.  per  hour. 
i  =  density  of  water  io  lbs.  per  cu.  ft. 
T  =  time  in  hours. 

These  formulae  were  taken  from  Gebhari's 
"Steam-Power  Plant  Engineering".  The  values  of 
The  latent  heats  of  vaporization  of  water  //ore 
taken  from  Kent's  "Pocket  Book  for  Mechanical 
Engineers",  from  which  the  densities  of  water  at 
various  temperatures  were  also  taken. 


Data  arl  Calculations  or  Runs. 


Run  1 . 


Charged  Withdrawn 

Weight   Temperature   Weight   Temperature 


147.5  lbs.  Boilirg  point, 
24.  5  "       " 


ISO.  5 

lbs. 

181.  0 

52 

97.9 

67.0 

53 

47.0 

60 

45.0 

34 

30.0 

54 

20.0 

54 

25.5 

54 

16.5 
710.0 

lbs. 

54 

172.0    lbs. 


Total   7/-ater    charged, 
Total   crater?   -ffithdra-.TD , 
Total   -vater   evaporated, 


710.0   lbs. 
I72.O      " 
53S.0     " 


Run  I, 


Steam  Temperature  Condensed 
Time  Pressure  Vacuum  Inlet   Exhaust     Steam-Wt. 


2:3R 

5.6# 

3:03 

5.7 

:0H 

6.5 

:13 

4.3 

:I8 

5.0 

:°3 

6.5 

:2S 

7.0 

:33 

4.0 

:32 

4.0 

:43 

4.0 

:  4C? 

5.7- 

:53 

6.0 

:  >8 

>  ♦  v 

Avge. 

5.3# 

19.-':"  2521  F.  170  *  F. 
19.2   253       170 


1 3  3 

233 

L74 

1 

23. 

17' 

1  g  - 

230 

174 

152  lbs. 

1  . 

230 

176 

1  '... 

251 

17: 

1  7 .  0 

248 

173 

159 

24: 

172 

16.8 

171 

20.0 

243 

V  3 

I85 

20.  n 

251 

168 

19.  :: 

250 

163 

173 

I8.7" 

230* F. 

171 '  P. 

691  lbs. 

Rut.  1. 
Calouia4:  loos. 
Absolute  pressure, 
Quality  of  steam, 
Heat  of  vaporizatioi  at  :'0.>, 
Temperature  of  steam  at  inlet, 
Temperature  of  steam  at  exhaust, 
Sfeeam  consumption, 
Heat  lost  by  steam, 
67H.95  x  939.15  *  250  -  171)  = 
Average  vacuum, 
Absolute  pressure, 
Boiling  point  of  rater  a"  5.4, 
Density  of  water,  I  cu,  ft., 
Heat  of  vapc r i zat ioc  at  5 « 4 . 
Total  water  charged, 
Total  water  withdrawn, 
Total  water  evaporated, 
Heat  vise!  to  raise" water  to  boiling 
180. 5#  at  58,  180. 5  x  107.2, 
121  at  52,  181  x  113.8, 

97.5  at  88,  97.5  x  77.8, 

97  at  55,  97  x  112.8, 

r  at  70,  4  x  105.  :, 

107  at  54,  107  x  111.8, 


20.5  lbs. 

959.15  BTU 
250*  F. 

171'  P. 
671  lbs. 

665000  BTU. 
18.9  in. 
5.4  lbs. 
165.8'  F. 

60.86  lbs, 
97:;.o 
710  lbs. 
172  " 
53s  ■ 

I   >0  B.T.TJ. 
19650 

758O 
10950 

-970 
11950 


Rur    1. 


Ilea'     used   to   vaporize,    53>3   lbr>.  , 

53S  x  993. 0, 
Total  heat  transferred, 
Efficiency, 
Rate  of  evaporatioc, 


537000  B.TU. 

611530  b. r.u, 


521^65000  -  75:       per  B.T.U. 


-  O.OOOOI756  lbs.  per  sq.ft. 


Run  2. 


C  h  a r g e l  W i t hdr awn . 

'"eight   Temperature.    height    Temperature 


185    lbs. 

53'   F. 

23.^   lbs. 

I 

53 

90. 0 

18  ' 

52 

24.0 

130 

^E'B   lbs. 

52 

-7.. 5 
184. 5    lbs. 

Boilirg  Point 


Total  water  charged,  688. 0  lbs. 

To tdl  water  withdrawn,  184.5   " 

Total  water  evaporated,  5^3»5   " 


Run   2. 


Tiao 

Pressure 

Vacuum 

lule 

1:17 

5-5# 

14.4" 

251' 

:22 

4.0 

20.0 

245 

:27 

5.7 

19.6 

250 

:$2 

5.4 

19.6 

250 

:37 

7.4 

19.  o 

2^2 

:42 

6.5 

20 .  4 

252 

:47 

4.3 

19.2 

249 

:52 

5.2 

19. s 

250 

:57 

4.  o 

19.0 

249 

2:02 

5 . 0 

19.8 

250 

:07 

5.  n 

20.5 

245 

:I2 

;-.  - 

19.6 

24.5 

:17 

3.0 

20.0 

244 

Avge. 

4.  97# 

19.4" 

250' 

3team  Temperature   Coniersed 
Exhaust   Steam-Wt. 


P. 


156' 

P. 

17? 

190 

18S 

184 

197 

lbs. 

178 

184 

185 

186 

217 

184 

182 

176 

120 

233 

181* 

F. 

649 

lbs. 

Run  2. 
Ga] culations. 

Absolute  pressure  oi'  steam,  19. S  lbs. 

duality  of  s '  ea.Li,  i"  % 

V    ■■'    of  vap'orizatioi  at  19.:  .  r  'fr.A   B.T.l! 

Temj  erature  of  steam  s   Lrlet,  n'  F, 

?  ?  ap "-  "at1  •  -  c  f  s '  ..i .  a   .  Lai   .  '  I '  I   I  . 

Steac  consumption,  637*5  Ids. 
Heat  lost  bv  steam, 

637. 5 (.93  x  960.4  1  250  -  181)  =  625300  b.TU. 

Average  vacuum,  19.4  In, 

Absolute  pressure,  !?. 05  lbs. 

soiling  point  of  water  at  5.03,  162.7'  F. 

Heat  of  vaporizatioi  at  5.03,.  loon  B.T.U. 

Density  of  mter,  1  cu.  ft.,  60.93  lbs. 

Total  water  charged,  /   688. 0  lbs. 

Total  water  withdrawn,  18.4. 5   " 

Total  water  evaporated,  503*5   " 

used  to  raise  water  to  boiling  point, 

370  lbs  at  3;',  370  x  IO9.7,  40530  B.T.U. 

31S   "  at  321,  313  x  110.7,  35200 
Heat  usei  to  vaporize  503.3  lbs., 

503.5  x  loon  -_  503500 

Total  heat  transferred,  579250  B.T.L'. 


R-id  2. 


Efficiency, 

Rate  of  svaporatioB, 

R  =  __    ?03.3 

521625500  -  7 ^7^0) 


92.5,* 


O.OOOOI766  lbs.  per  sq. 
ft.  per  B.T.U. 


Capacity  of  evaporator, 

75730 
c  =  7.48(503:5?$  fOQOJ" 
52  x  60.93  x  1 


I.36  gallons  per  s 
ft.  per  hour. 


Run  5. 

Charged  'it  1:  i  -  a  m 

Weight   Temperature   Weight   Temperature 

163.0  lbe.   162'  F.    146.0  lbs.  BoiliDg  poinl 

--,  n        it 

57.  5 


168 

161 

153. 

151 

126. 

5 

1  ;i 

101. 

L58 

• 

bs. 

tv 

793"! 

5 

"1 

20;..  p  lbs. 


Total  wat er  charge i ,  795 . 5  lb s . 

Total  water  withdrawo,  203.5   " 

Total  water  evaporated,  590.0   " 


Run  3. 


Steam  Temperature  Condensed 
Time  Pressure  Vacuum   Irlet      Exhaust  Steam-Wt. 

F. 


153.   lbs, 


126.5 
151. 

127. 

32. 
•  5'  F.639.5  lbs, 


2 

50 

4.5.r 

19.  3" 

247'    P 

L58 

55 

4.7 

19.4 

247 

186 

5 

on 

;:. 

19.4 

247 

186 

05 

4g  •' 

19.4 

2^7 

186 

10 

5.1 

IS.  4 

24£ 

190 

15 

7-2 

19.6 

250 

ia  1 

20 

19.6 

179 

25 

7  •  5 

18.4 

122 

30 

7.5 

19.  rt 

?53 

17s 

35 

■ 
.  - 

19.  o 

255 

179 

40 

. 

19.0 

168 

/   :45 

19.4 

174 

:50 

- 

19.6 

2.9 

17  1 

Ai 

rge. 

5.6# 

19.3" 

232'    F. 

r79 

Rur  3. 
Calculations. 

Absolute  pressure  of  steam,  20.68  lbs. 

Juality  of  steam  95;^ 

Heat  of  vaporization  at  20. 58,  958.9  B.T.U. 

Temp-;ra+iire  of  steam  at  inlet,  252'  F. 

Temperature  of  steam  at  exhaust,  179.9'  F. 

Steam  consumption,  659.5  lbs. 
Heat  lost  by  steam, 

639. 5 (.95  x  958.9  ±  252  -  179.5)  =  628500  B.T.U. 

Average  vacuum,                    '  19. 03  in. 

Absolute  pressure,  5-23  lbs. 

Boiling  point  of  water  at  3.^3»  164.2'  P. 

Heat  of  vaporization  at  3.23,  999.3  B.T.U/ 

Density  of  -rater,  1  cu.  ft.,  60.90lbs. 

Total  water  charged,  79.-5  lbs. 

Total  water  withdrawn,  203.3   " 

Total  water  evaporated,  590.0   " 
Heat  used  to  raise  water  to  boiling  poirt, 

I63#  at  162',  15J  x  2.  .  592  B.T.U. 

294.5  at  161,  194.5  x  3.2,  941 

153  at  158,  153  x  13.2,  2020 

at  15s,  1S3  x  -:.  2,  1134- 


Rur  .-, . 

Keat  usel  to  vaporize  59°  lbs. 

59^  x  999.3, 
Total  heat  tracsferrd, 
Eff icieBcy , 
Rate  of  evaporation, 


358500  B.T.Li, 

5929S7"  B.T.ll, 

94.  ;1 


R  =  590 _       -  0.00001328  lbs.  por  sq. 

521628500"  4487 T    f  ffl .  per  B.T.U. 


Capacity  of  evaporatioc, 

44c  7 

c  =  Z^Lli0  3:  999.5) 

52  x    6*0.90   x    1 


=    1.41   gallons   per    sq, 

ft.    00 r  hour. 


Rue   4. 


Chafcged  Withdrawn. 

Weight       Temperature        Weight        Temperature. 


146. 

lbs. 

164' 

F/ 

61.   lbs. 

Boiling  point 

139.5 

158 

175- 

it         n 

123.  5 

166 

13.5 

n        ti 

124.5 

l~?: 

J  -. .  5  lbs. 

538. 5 

lbs. 

Total   water   charge!,  538.5  lbs. 

Total    -rater   wi t  -  irawn,  249.5-     " 

Total    -crater    evaporated,  239.0      " 


Rut  1 . 


Time  Pressure  Vacuum  Ir.let 
4: in   7.o#    16.0"   253*  F. 
15   6.6     17.4   2^4 


Steam  Temperature  Condense! 


:20 

:25 
:30 

:55 
:40 


/  .of 
6.6 
2.  3 

7.n 
6.7 

6.0 


Avge.   6.7# 


15.  2 
14.0 

15.0 
14.3 
14.  r 

T  -   r  » 


255 

254 

252 
230 

253' 


Exhaust  Steam-Wt. 
163'  F. 


188 
18 

186 
191 

192 
19; 


1  3.5  lbs, 


124.5 

38.5 


185'  F.  3:1.5  lbs 


Run  4. 
Calculations'. 

Absolute  pressure  of  steam,  21.58  lbs. 

Quality  of  steam,  95' 

Heat  of  vaporization  at  21.52,  957.3  B.T.U. 

Temperature  of  steaci  at  inlet,  '  F. 

Temperature  of  steam  at  exhai  3t,  185'  F. 

Steam  con sumption,  321.5  lbs. 
Heat  lost  by  steam, 

5 21. 5 (.95  x  957-3  1  253  -  135)  =  314400  B.T.U. 

Average  vacuum,  15...  i^. 

Absolute  pressure,  1 .06   lbs. 

Boiling  point  of  water  at  7.06,  177.2'  F. 

of  vaporization  at  1.06,  .1.5  B.T.U. 

Density  of  water,  1  cu.  ft.,  60.63  lbs. 

Total  water  charged,  558.5  lbs. 

T o t al  "ra t e r  wit h  1  r awn ,  '•9.5" 

Total  water  evaporate!,  289.0 
Heat  use!  to  raise  water  to  boiling  point, 

T46#  at  1-4',  14t  x  13.2,  1952  B.T.U. 

139.5  at  158,  159.5  x  19.2,  2680 

128.5  at  166,  128.5  x  11.2,  1440 

124.5  at  176,  124.5  x  1.2,  149 


Rud  4. 

Heal  used  to  vaporize  289  lbs., 

2S9  x  991.6,  28  >000  B.T.U. 

Total  heat  transferred,  292194  B.T.U. 

Eff icieocy, 

Rate  ol  evaporation, 

R   =  239    =    0.00001304   lbs.     per    sp 

521314400   -   6194f  ft.    per   B.T.D. 

Capacity  of  evapora* ioc, 

6194 
C    -   7.48(289  1   991.6)         =    1.40    falLocs    per    sq. 
52  x   60.63    x  0.5  ft.    per  hour 


Run  5. 


Charged  Withdrawn 

Weight   Temperature  Weight   Temperature 

155.3  lbs.   67'  P.  84  lbs.   Boiling  point 

147.  _     67  

310.5  lbs.  84  lbs.  "" 


Total  water  charged,  310.5  lbs. 

Total  water  withdrawn,  84.0   " 

Total  water  evaporated,  226.5   " 


Steam  Temperature  Condet  sol 

Time  Preseare  Vacuum  Inlet  Exha  >t  ^.eam-Wt. 

9:05    8;5#  20.4"    253' VF.  I-+'  P. 

:in   g.O  17.S    254  173 

:15   6.4  19.0  255  1-5 

:20   6.0  18.8  255  1-5 

:25    :.;  IS. 8  252  186     167.5  i^s. 

:50   8.6  3   6  255  199 

:35   9.4  19.0  255  200     122.5 

Avge.   7.5#       "  255'  P.  185'  P.  290.  n  lbs. 


Run  5. 
C  i^ulations. 

Absolute  pressure  of  steam,  22.  ;3  lbs. 

luallty  of  stea  ,  95$ 

Heat  of  vapori  satior  at  22.35,  956.1  B.T.U. 

Temperature  of  steam  at  inlet,  253 '  F. 

Temperature  of  steara  at  exhaust,  185.3'  F« 

Steam  consumption,  290  J.bs. 

- 1  lost  by  steam, 

29°(.93  x  9.56.1  1  233  -  1  '5.5)  -  400  B.T.U. 

Average  vacuum,  18.9  ic. 

Absolute  pressure,  5-3  lbs. 

Boiling  point  at  5.3,  164.6'  F. 

Heal  of  vaporization  at  5.3,  .0  B.T.U. 

Density  of  water,  1  cu.  ft.,  60. 89  lbs. 

Total  water  charged,  51°. 5  lbs. 

Total  water  withdrawn,  34   " 

Total  crater  evaporated,  226.5   " 
Heal:  used  to  raise  water  to  boiling  point, 
310.  S#  at  67',  510.5  -  37.  ,             50300  B.T.U. 
Heat  used  to  vaporize  226. 5  lbs.  , 

226. 5  x  9<  ,  226500 

Total  heat  transferred,  :  B.T.U. 


. 


Bff ioieccy , 

Rate  of  evaporation, 


90.7^ 


R  r       _  226.5       _   =  0.0OOO17I2  lbs.  per 
52T;"?3 400  -  ' 30 300  P    s q .  ft.  p e -  B .  T . U . 


Capacity  oT  evaporator, 

503 

C  =  7.48(226.5  3:  999  ) 
52  x  b0.89  x  0.5 


1. 21  gallons  per  sq.. 
ft.  per  hour. 


Rur    6. 


Charged  Withdrawn 

Weight       Temperature        Weight        Terperature 

182   lbs.  54*    F.  '     tl   lbs.      Boiling   point 

17?  53 

360   lbs. 


Total  water' charged,  360.   lbs. 

Total  water  withdrawn,  99.3   " 

Total  water  evaporated,  260.5   " 


Ste  :.r;:  renperature  Condei  sol 

T\xo   Pressure  T7acui;:L   lnle+      Exhaust  Steam-Wt. 

10:20   4.03    19.8"   248'  F. 


:25 

5.7 

20.-; 

252 

:30 

3.4 

19.4 

250 

=  35 

4.0 

19.2 

250 

:4n 

5.° 

19.4 

250 

:  45 

6.  7 

19.4 

•251 

:50 

19.4 

250 

Avge . 

5.n# 

19.57" 

230 

154' 

F. 

178 

193 

169. 

5  lbs 

19 

193 

202 

161. 

186' 

F. 

330. 

5  lbs 

19. 

S  lbs. 

960. 

4  B.Tli. 

?;;0  ' 

F. 

186' 

F. 

530. 

5    lbe. 

Rue  6. 
Calculators. 
Absolute  pressure  oi  steam, 
luality?  of  steam, 
Heat  oi1  vaporization  at  13.3, 
Temeprature  of  steam  at  inlet, 
Tem  erature  of  steam  at  exhaust, 
Steam  consumption, 
Heat  lost  by  steam, 

330. 5 (.95  *  960.4  1  230  _  is6)  =  322300  b.t.tj. 

Average  vacuum,  19.37  in. 

Absolute  pressure,  4.98  lbs. 

Boiling  poimt  of  water  at  4.98,  162. 1 '  F. 

Heat  of  vaporization  at  4.98,  >.9   B.TU. 

Density  of  water,  1  cu.  ft.,  60.94  lbs. 

Total  water  charged.,  $60.   lbs. 

Total  water  withdrawn,  99.3   " 

Total  water  evaporate!,  260.5   " 
Heat  used  to  raise  "vater  to  boilir;:  point, 

I82#  at  3',  IS-  x  108. I,  19700  B.T.D. 

1~V//  a-t  33',  1~L"  y-   109.1,  I942o 
t  used  to  vaporize  260.3  lbs,. 

260.3  x  993-9,  259300 

Total  heat  transferred,  298620  B.T.u. 


r     :  . 


Eff  iciezjo  ■  , 

Rate   of    evaporation, 

R  =    ____  260 . 5 

521322500  -  3912O 


92.  ^ 


0.00001770  lbs.  per 
b  1.  ft.  per  B.T.U. 


Capacity  of  evaporator, 

59120 

c  -  7.^3(260.5  *  995.9) 
52  x  60. 94  x  0. 5 


s  1.42  gallons  per  s 
ft.  per  hour. 


Run  7. 


Charged  Withdrawn 

Weight   Temperature  Weight   Temperature 

168.   lbs.   Ill'  F.  175.5  lbs.   Boiling  point 

163.5       111  ,  28.5 


204.0  lbs 


144 

133 

129.; 

159 

126 

150 

47.5 

778.5  lbs. 

150 

Total  water  charged,  77S.5  lbs, 

Total  water  withdrawn,  204.0   ■ 

Total  water  evaporated,  574.5   " 


Rub   7. 

■     earn  Temperature   Condensed 

Time   Pressure  Vacuum  Inlet 

11:24     2.6il  19.4"  24£f    P. 

29      5.0  19.8  250 

34     o.7  19.4  252 

39     6.8  is.o  2^3 

44     6.2  19.2  252 

49      6.9  16.2  253 

54    7.0  19,6 

59.    7.1  19.4  253 

04     7.  7  19.6  233 

"r      7.0  19.6  23; 

14  6.8  18.0  252 

15  7.8  19. c  252 

24      6.0  IS. 8  252 

19. 0n  2   2'    F.         190'    P.    656. 3   lbs, 


Exhm 

St 

Steam4-Wt. 

179' 

F. 

193 

194 

I8S 

144.      lbs 

199 

203 

193 

129.5 

190 

183 

ISO 

1  26  . 

190 

1 :- ; 

130 

187 

127. 

Rut  7. 
Calculat  tons. 

Absolute  pr  essure  of  steam,  21.10  lbs. 

Qualiyt  ox  steam,  95$ 

Heat  of  vaporization  at  21.10,  958.1  B.T.U. 

aperature  ci  s4-. earn  at  inlet,  2p2'  F. 

remperature  of  steam  at  exh  aust,  190'  F. 

Steam  consumption,  356.5  lbs. 
Heat  los+  by  steam, 

556. 51.95  x  953.1  4  252  -  190)  -  638200  b.t.u. 

Average  vacuum,  18.98  in. 

Absolute  pressure,  5«35  lbs. 

Boiling  point  of  water  at  5.35,  165'  F- 

Heat  cf  vaporization  at  5.35)  -7  B.T.U. 

Density  of  water,  1  ou.  ft.,  50.37  lbs. 

Water  charged, total,  1    3.5  lbs. 

Total  water  withdrawn,  204.    " 

Total  water  evaporate!,  574. 5 
Heat  used  to  raise  water  to  boiling  point, 

331. 5#  at  1111,  351.5  *  5^,  17900  B.T.tj. 

144  at  159,  144  x  12,  1728 
129.5  at  159,129.5  x  6, 

I73.5  at  150,  173.5  x  15,  2!J00 
Peat  used  to  vaporise  574.5  lbs., 

574.5  *  993.7,  573000 


Rur.  /. 

otal  heat  transferred,  59599.  B.T.U, 

Efficiency,  93.  : 

Rate  of  evaporation, 

R  =  574.3 =  0.00001795  iDS#  per 

521638200  -^2299'- )~    sq.  It.  'per  B.T.U. 


Capacity  of  evaporator, 

2299-: 

C  =  7.48(574. 5  1   998. 7)  =  1.41  gallons  per  sq. 
52  x  60787  x  1      ft.  per  hour. 


Rue 


Charged  Withdrawn 

eight        Temperature        Weight        Temperature 


\-y: .  5  its.    Eon  it  a 


175.5 

lbs. 

'5*  F« 

128.3 

62 

'   • 

167 

112.5 

170 

124.  \ 

175 

■"  34.  5 

lbs. 

irt 


5Ll. 

2I3.5      IbB. 


Total  -rater   charged, 
Total   'vater  withdrawn, 
Total   water   evaporated, 


684.5   lbs, 

213.5      " 

471.0      n 


Rue  3 . 
>:" It  =am  Temperature  Condecsed 


Time   I 

'ressure 

Vacuum 

Inlet 

Exhau s 

t   Steam- 

-Wt. 

10:13 

5.Sf 

1  ■-  .  ■  " 

245'    F. 

142'    F 

:l 

5.0 

12.0 

246 

195 

:2I 

5.8 

15.4 

250 

203 

:26 

6.4 

I    . 

252 

199 

145.5 

lbs. 

:3I 

5.  5 

11.8 

232 

191 

:J6 

4.7 

I*  .2 

251 

188 

:  .1 

4.0 

is.  e 

251 

185 

166. 5 

:46 

4.8 

is.  6 

251 

I85 

:51 

3.2 

18.0 

250 

1  S3 

:  "■•: 

4.4 

1  -  .  1 

2^n 

191 

124.5 

II;0I 

6.4 

IS.  2 

251 

191 

:0£ 

6.9 

1     .• 

£  )3 

I87 

:  1 2 

7.6 

IS  .  t 

I 

115.5 

Ayge. 

5 .  42-' 

It .03" 

250 '    P . 

186.     ' 

F.     550. 

0   lbs. 

Run  8. 
Calculation e. 

Absolute  pressure  of  steam,  20.3  lbs. 

Quality  of   steam,  95$ 

Heat  of  vaporization  at  20. 3,  .9  B.T.D. 

Temperature  of  steam  at  inlet,  .;>0'  F. 

Temperatur  3  of  steam  at  exhaust,  ISO. 6'  F. 

i'  t  e  a m  con  sump  1 5  0  c  ,  550  lbs . 
Heta  olst  by  steam, 

550(.95  x  9:59.5  1  250  -  186.6)  =  5355°0  B.T.D. 

Average  vacuum,  16. 03  in. 

Absolute  pressure,  ,56  lbs. 

Boiling  point  of  water  at  6.56,  174.41  F. 

Heat  of  vaporization  at  ..56,  993.6  B.T.U. 

Density  of  water,  1  cu.  ft.,  60.67  lbs. 

Total  water  charged,  k 5  lbs. 

Total  water  withdrawn  2I3.5   " 

Total  water  evaporate  a.,  471. 0   " 
Heat  usel  to  raise  water  to  boiling  point, 

175- 5#  at '63',  175.5  x  111.4,  19580  B.T.D. 

128.5  at  62,  12:'o  x  112.4,  144-^0 

143.5  at  167,  14^.5  x  7.4,  1046 

112.5  at  170,  112.5  x  4.4,  495 

I  »4.5  at  173,  124.5  x  1.4,  160 


Rue  8. 


He^t  to  vaporixe  471  lbs., 
471  x  993.6. 
Total  heat  transferred, 

~ ' f  Iciercy , 

Rate  of  evaporation-, 


R  =  _      47I  =  0.00001811  lbs.  per  sq. 

521535500  -  357^17    ft.  per  B.T.D. 


468500  B.T.U, 

504231  B.T.U, 
94.2;" 


Capacity  of  evapora+or, 
0  =  7 


35751 
■I?  (471  *  v95.v) 
52  x  60.67  x  1 


=  1.21  gallons  per  sq. 

ft.  per  hour 


Run   9. 


~ha 
Weight 

,rged 

Tempera 

ture 

fith  i  a  vr 
Weight        Teiupei 

^atur 

'  0 

i-:':, 

,25 

lbs. 

68' 

P. 

157. 

lfis.    Bo: 

LliD£ 

172, 

.25 

.  25 

-- 

57- 

2j? 

m 

tt 

130, 

214. 

2? 

lbs. 

I?I. 

,  7? 

57 

602.  ^0   lbs. 


Total   -rater    charge!, 
Total  water   withdra-vc, 
Total   water   evaporated, 


^02.30   lbs. 
214. 2^      " 
.25      " 


Run   9. 


Steam  Temperature   Condensed 


T  irae 

Pressure 

Vacuum 

Inlet 

Exl 

Ste< 

un-Wt. 

1:40 

107  *    F. 

:45 

2.6# 

16.0" 

251'    F. 

160 

:50 

4.3 

17.5 

24S 

168 

^55 

4.5 

17.0 

249 

I5g 

2:00 

.: . :; 

17. : 

?5o 

169 

130 

lbs. 

:05 

4.S 

17.5 

248 

17 "; 

:10 

5-5 

15. ( 

24$. 

166 

.  7  K 

3.2 

17.6 

248 

167 

no. 

5 

:20 

2.6 

17.6 

7.5 

172 

61. 

73 

:25 

3.€ 

16.2 

245 

164 

:30 

2.  6 

17.  : 

244 

16, 

:.- 

18.0 

168 

:40 

1.  ; 

17.  : 

I6S 

182. 

23      ■ 

3  •  3 

17.23" 

247. 9*P. 

I62'P. 

434. 

Run  9. 
Ca  lculations. 
Ansolute  pressure  of  steam, 
■uality  of  s+eam, 
Heat  fc  vaporization  at  IS.il, 
Temperature  of  s '_  ea^  at  ir>le*_ 
Terr.perat'.i  re  cl'  steam  at  exhaus*  , 
S t cam  consumption , 

at  lost  by  steam, 
484. 5 (.95  x  963.5  i  247.9  -  162)  = 
tvera^e  vac..  ..:, 
Absol  , 

LI  lug  poltt  c  i    wi  t    at  5. 
api     ■  t  1    1  '    " . 

',      1     S!.     ft.| 

- '.    al     'a  alia        i, 

otal   water  withdrawn, 
Total  water  evaporated, 
Heat   used   to    raise    water    to   bo  ill' 
168.251   at   68' ,    168.      -  x    101. 9, 
172.25   at    56,    172.25   x   113.9, 
I3O.25   at   58,    130.25  x   111.9, 
131.75  at   57,    131.75  *   112.6, 


18.11   lbs. 

3 .  5   B .  T .  u 

247.9'   P. 
162'    F. 
484.5    -Lbs. 

- 

17.23    ic. 

,91  its. 

169.9'    F. 
995- S~    F.T.I 
6O.77  lbs. 
602.50  lbe. 
214.  >5      ■ 

joint, 

17130  a.  r.u. 
19600 

14800 

142^0 


Rue  9. 

Heat  used,  to  vaporise  388.25  1-s., 

3Z''2j   x  995.9,         586500  B.T.D, 

Total  heat  transferred,  452880  B.T.D 

Efficiency,  92.8$ 

Rate  of  evaporation, 

R  -  _ $s;-  .         =  O.OOOOI77I  lbs.  per 

52 I 438800 ~  66580T   eq.  ft.  per  B.T.U. 


Capacity  of  evaporator. 


:-J38Q 


C  =  7.48(388.25  *  995.9)  =  1.08  ^allocs  per  s  i# 
52  x  'To.  77  x  1       ft.  per  hour. 


Run  in, 


Charged  Withdrawn 

Weight    Temperature   Weight   Temperature 

165  lbs.     Boilirr  point 

CO  "  " 

XI 

224  lbs. 


161. 5  3 

.bs. 

57' 

F 

147. 

57 

144. 

56 

142.25 

57 

600.75 

lbs. 

Total  water  charged,  600. 75  lbs. 

Total  water  withdrawn,  2  4.    " 

Total  water  evaporated,  576.75 


Rue  10. 


Steam  Temperature  Condensed 
Time  Pressure  Vacuum   Inlet 

08 

15  2.04  12.3"   246'  F 

IS  2.S     15.0    246 

23  2.4      17.4  -  247.5 

28  2.5 

33  1.9 
38 

1-3  5.0 

*s  3.0 

53  3.0 


4 


u.  / 


0- 


*.? 


03 
Avg3.   2.67# 


13 

0 

249 

18 

0 

247. 

5 

l: 

0 

243 

17. 

3 

246 

17 

S 

246 

17. 

3 

243 

13. 

6 

250 

13, 

0 

247. 

,■ 

IS 

0 

247 

16. 

9" 

24  3 ' 

Bxha 

16t 

St  earn- Wt 

116* 

F. 

162 

173 

•  95.        1 

175 

174 

103.5 

174 

172 

173 

113.75 

172 

171 

170 

97.  75 

J 

172 

63. 

167' 

F. 

473.    lbs 

Run  in. 

Calculations. 

Absolute  pressure  of  steam,  17.51  lbs. 

Sua  lit  y  o  f  s  t  e  am ,  9  5% 

Heat  of  vaporisation  at  17. 51,  965  B.T.U. 

Teinperat -re  of  steam  at  inlet,  242'  P. 

Temperature  of  steam  at  exhaust,  '  167'  F. 

Stam  consumption,  473  lbs. 
Heat  lost  by  steam, 

473 (.93  x  965  i  248  -  167)  =  472000  B.T.U. 

Average  vacuum,  16.9  it. 

Absolute  pressure,  6.I5  lbs. 

Boiling  point  of  water  at  6.13,  171.24*  P. 

Heat  of  vaporisation  at  6. 15,  995.2  B.T.U. 

Density  of  water,  I  cu.  ft.,  -:"n.  75  l^>s. 

Total  water  charged,  600.  ~1~.    lbs. 

Total  vater  -ithdrawn,  224.     " 

Total  -vate"  evaporate!,  376.75  " 
Heat  used  to  raise  water  to  boiling  point, 

456.73  at  57',  456.75  x  114.54,  52130  B.TU. 

144  at  56,  14-+  x  115.24,  .00 
Heat  used  to  vaporize  376. 7^  lbs., 

376.75  *  993.2,  375000 


Run  10. 

Total  heat  transferred,    .  445790  B.T.U. 

Ef  !  iciency,  94.  2  i 

:■   of  evaporation, 

r  . 376. 75      =  0.00001798  lbs.  per 

52(472000  -  68790}    si.  ft.  per  B.T.U. 

Capacity  of  evaporator, 

d"79" 
C  =  7.4S(576.  75  3:  S95.2)  =  1.06  gallons  per  sq. 
52  x  60.75  x  I       ft.  per  hour. 


Summary    of   Results. 


When  the  liquid 
is  '  ir-  leve  !  with 
J.  :-  top  tubes. 


Rur  I, 

Rut?  2. 

Rur  j, 

Run  4. 

Rur  7. 
Run 

Rur  10. 
Average. 


Rate  of  Capacity  of 

evaporation  evaporator 

in  lbs.  per  in  gallons 

sq.  ft.  per  per  sq.  ft. 

B.T.U.  per  hour. 


1 

756 

X 

10" 

■7 

I 

.44 

1 

>- 

» 

I 

36 

1 

X 

n 

I 

41 

I 

304 

X 

ii 

1 

40 

1 

795 

X 

N 

1 

41 

1 

£11 

X 

II 

1 

21 

T_ 

770 

X 

II 

1 

08 

1 

793 

X 

II 

I 

06 

I 

790 

X 

10" 

5 

1 

50 

Effici 

ency. 

92. 

o; 

92. 

5 

94. 

5 

93. 

0 

93. 

4 

94. 

2 

92. 

3 

2 

33. 

Whec  the  liquid 
-yas  boilod  Icto  . 

Rue  5. 

Rue  6. 

Average . 


i. 

712  x    10    ^ 

1.21 

90. 

I. 

741     - 

1 .  42 

92.  5 

I. 

727   x    10" 5 

1.31 

3 1 . 6/6 

Part    4. 
Conclusion. 


Comt>arisors   of   Results. 


Comparison  of  Results. 

^rorn  the  results  that  '-ve   have  obtained,  it 
is  evident  that  the  new  "SwensoD-Kermer"  type 
of  evaporator  is  exceedingly  efficient.  The  new 
iouble-tube  type  has  an  average  efficiency  of 
95.32;^  ^hec  the  liquid  in  the  evaporator  is 
kept  at  the  upper  level  of  the  top  tubes,  where- 
as the  old  single-tube  type  has,  according  to 
previous  vrcriers,  ar  average  efficiency  of  87.0^ 
when  teste!  under  the  same  conditions.  The  new 
type  has  an  average  capacity  of  evaporation  of 
1.3  gallons  per  sq.  ft.  per  hour,  whereas  the 
uii  type  has  an  average  capacity  of  only  0.615 
gallons  per  sq,  ft.  per  hour. The  rate  of  evapo- 
ration of  the  new  type,  however,  is  lo-.ver  than 
that  of  the  oil  type,  being  but  -O.OOOOI790  lbs. 
per  sq.  ft.  per  3.T.U.  as  compared  to  0.00007280 
lbs.  per  sq.  ft.  per  B.T.L.  for  the  old  type. 
The  comparison  between  the  two  types  is  shown 
in  the  follo-yin-  table: 


Cap.  of 

Rate  of  evap.  In 

ovap.  gallons 

per  s^,  per  sj, 

ft.  per  ft.  per 

B.T.U.  hour.      Efficiency, 

New  dc-'ible-  0.00001790^  1.50       93.3?' 

tube  type. 

Old  single-   0.00007280  0.615      87.00 

tube  type. 

Difference.   0.00005490#  0.635       6.  y2% 


When  the  liquid  .vas  boiled  down,  both  the 
pate  of  evaporation  and  the  efficiency  were  lower 
than  when  the  liquid  was  kept  con  si.  ant  level 
with  the  upper  side  of  the  top  tubes;  but  the 
capacity  of  evaporation  *vas  the  sacio  in  either 
case.  Trie  following  table  makes  the  distinction 
clear: 


Rate  of 

Cap.  of 

evap. 
in  lbs. 

evap. 
gallons 

Gov  ditior 
of  liquid. 

per  sq. 
ft.  p?r 
B.T.U. 

per  si. 

ft.  per 

hour. 

Eff  icienc; 

Constant 

level . 

Roiled 
down. 

0 
0 

,000  01790 
,00001741 

1.30 

1.31 
0.01 

93.3^ 
91 .  2° 
1.  12i 

Difference. 

0 

, 00000043 

Disease  ion. 


D  isousaion. 

This  type  of  evaporator  was  invented  by 
Mr.  Martin  L.  Kermer  of  the  Swenson  Evaporator 
Company.  A  patent  was  granted  but  the  evaporator 
was  not  put  or  the  market  because  the  inveo 
was  working  or-  the  improvement,  of  c?r+ain  fea- 
tures which  had  caused  difficulty  in  operation. 
The  evaporator  we  worked  on  is  one  of  the  first 
built  b;  the  company  and  has  beer  improved  on 
in  the  later  models. 

Wo  have  watched  the  evaporator  closely 
during  all  our  work,  and  from  these  observations 
and  from  our  results,  we  have  arrived  at  cer- 
tain conclusions  which  Mr.  Kermer  had  assumed 
in  his  theory  for  the  design  of  this  type.  If 
future  workers  will  follow  these  conclusions,  - 
they  will  avoid  man-  of  the  difficulties  which 
we  encountered  in  oar  wor£,  and  their  results 
will  be  much  better  than  those  we  have  obtained. 
However,  there  are  several  improvements  which 


mast  be  made  on  this  evaporator  before  such 
results  car  be  realized. 

Our  work:  has  led  us  to  the  following  con- 
clusions as  regards  the  most  efficient  operation 
of  the  evaporator;  The  liquid  to  be  evaporated 
must  be  fed  continuously  into  the  evaporator, 
and  at  the  same  time,  the  drains  for  condensed 
steam  must  be  left  wide  open,  even  if  some  of  the 
exhaust  steam  escapes  without  condetisir  ~.  This 
tends  to  keep  the  steam  pressure-  down  to  baro- 
metric pressure,  and  reduces  the  vacuum  down 
to  abort  14  inches,  making  a  difference  of  but 
30'  F.  between  the  temperature  of  steam  and  the 
boiling  point.  It  prevents  the  throttling  of  the 
steam  ir  the  steam  pipes  and  allows  it  to  pass 
through  at  its  maximum  velocity,  thus  tending 
to  keo:  the  efficiercy  constant  but  increasing 
the  capacity  several  times.  The  velocity  of  t. 
vapors  ir  the  inner  tubes  is  enormous,  heir-; 
over  10,000  feet  per  second,  so  that  the  liquid 
in  the  tubes  is  evaporated  in  a  few  seconds.  The 


evaporator  as  it  is  set  up  at  present,  provides 
re  connection  bet-veer  the  inner  tubes  and  the 
body  of  the  evaporator  other  than  that  of  the 
liquor  pipe  leading  from  the  liquor  chests  to 
the  inner  tubes  ard  to  the  body.  If  an  inter- 
connecting pipe  were  put  in  so  as  to  connect 
the  body  of  the  evaporator  at  its  lowest  point 
with  the  inner  tubes,  these  would  be  filled  up 
as  quickly  as  the  liquid  in  them  is  evaporated. 
The  machine  has  no  such  connection,  and  when 
both  pipe  valves  are  open,  and  the  water  is 
charged  only  intermittently,  the  inner  tubes 
arc  practically  empty  all  the  time,  thus  throw- 
ing out  40<  of  the  heating  surface  during  prac- 
tically all  the  run.  If  this  interconnection 
ere  provided,  ana  the  conditions  of  runoing 
as  previc  sly  advised  were  followed,  the  capaci- 
ty of  the  evaporator  would  rise  to  about  4.5 
gallons  per  sq.  ft.  per  ho  r,  and  the  inventor 
ho-  es  to  increase  this  to  even  5  gallons.  The 
efficiency  of  the  machine  would  also  ircrease, 


and  it  must  bo  kept  in  mind  that  all  these  val- 
ues would  be  obtained,  at  a  temperature  differ- 
ence between  steam  and  boiling  point  of  the 
water  of  only  30 '  F.  instead  of  a  difference 
of  25'  P..  as  obtained  in  our  work.  We  made 
some  observations  as  nearly  as  possible  under 
these  conditions,  charging  continuo  ..sly ,  but 
lacking  the  inter-conneption,  and  the  results 
led  us  to  verify  Mr.  Kermer's  theory. 

With  such  a  connection  and  under  those 
running  conditions,  the  evaporator  would  be  one 
of  the  most  efficient  built,  ani  wo-  Id  have 
an  unusually  large  capacity  for  its  size. 
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